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SUMA~ARY AND~ CONCLUSIONS'

A form of' hemoglobin which apparently is not active
in the transport of oxygen has been found in the blood
of four men acclimatizing to high altitude. This pigment
resembles other inactive pigments previously dercrib.ed by
Barkan,, Ammundsen, Roughton and otherpo

In amount the-pigment varied from 0,5 to 3,0 volso
percent during rest and was always leis during exercise,
as compared to the average value of 0.45 vole percent
found in seventeen determinations on eight individuals at
sea level and during short periode of anoxia. No con-
si.stent relationship was found between the amount of pig-
mant and blood lactie acids sugar, pH8, or the degree of
anoxia present, In the acclimatizing subjects there was
no consistent relationship of Inactive pigment to ascorbic
acid Intake. but three normal subjects demonstrated-an
increase in insetive pigment during and for a short time
after a few'days of elimination of ascorbic acid ftiov.
their die-ts

The inactive pigment is' very labile, being readil)
activated by short periods of moderate exercise.. and does
not appear to be methemoglobin as detem~ined by a simpli '
tied photoelectric colorimeter (12).



in the course of a study of a, .imatization to high
altitude (1) it wias noted that a , il but signi-ficant
portion of' the blood plgment in ..v: subjects did not
readily combine with carbon monoxide or 'oxygen. This led
to further study, the results of which strongly support
the findings of other investigators that an "inactive"
formn of hemoglobin may occur in human blood. Thiis pro-
liminary report deals with the investigation of thim
"inactive pigment"~ during rest and during work under con-
ditions of chronic anoxia.

Barkan (29 3) in 1925 described a i pseudo-hemoglobi"
in normal humuAn blood which he believed-to contain tri-
valent iron and to be inactive in the, transport'of oxygen
within the body. His findings were strengthened by the
work of Taylor and Coryell (4) who consistently noted the
presence in normal human and bovine blood of hemoglobin-
like nubstances which combined with oxygen or carbon
monoxide only after the blood had been completely reduced
bC.y treatment with hydro-sulfite. They found the ii 'n in
this substance to be in the ferric form and pointed
-.-at the oxygen or carbon monoxide capacity of blood
not give an accurate measure of the hemoglobin content,
if appreciable amounts of' the *inactive pigment" are
presento

Similar findings were reported by Asmmundsen (5) who
fouind that in 40% of blood samples taken from 53 normal
and 35 diseased persons there was present an amount of'
Inactive pigment greater than 0*5 vols. pek'cent which she
considered to be the limit of error of her gasometric
techniques0 Roughton, Darling and Hoot (6) confirmed
Ammundsen' s findings and agreed with previous workers in.
considering that the pigmnent a o memglobifl. This
curious form of hemoglobin m. y explain the finding reported
by Brooks (7) of as much as 10 non carbon monoxide com-
bining pigment in the bloods of' control animals which she
attributed to an abnormal condition of the aniftls. The
suggestion by Roughton, Darling, and Root (e) that the in-
active pigment might increase during anioxia prompted the
study of this pigment in the four men who were acclimatiz-
ing to high altitudeo

VMODS

Detailed descriptions of the expetbuental codtions,
the analytical techniques,9 and the complete blood-detelvai-
nations~ are given elsewhere (1, 8)o



The amount of inactive pigment was determined by the
difference between the carbon monoxide capacity of blood
before and after treatment with sodium hydro-sulfite as
follows: Arterial blood was drawn into an iced syringe
containing heparin-fluoride solution and brought immedi-
aiely to sea level for analysis, Within seven to ten
minutes after drawing, two ml. of blood were exposed to
eight ml. of 85% carbon monoxide in a ten ml. syringe
which was rotated at room temperature for three minutes.
The carbon monoxide was expelled, fresh gas introduced,
and the rotation continued for, an additional three minutes.
This double exposure to carbon monoxide insured against
incomplete saturation of the hemoglobin. All gas was
then expelled and the syringe plugged to prevent further
change in carbon monoxide content until the blood was
analyzed by the Roughton Scholander technique (9), Oxy-
gen and carbon monoxide contents of the blood were dpter-
mined on another sample of the blood as drawn by the
combined method of Roughton and Scholander (9), and the
oxygen capacity of the blood was calculated by subtracting
the CO content from the C0 capacit7.

For the determination of total pigment a 0.5 ml,
sample of blood was treated with an equal amount of
sodium hydrosulfite and saturated with carbon monoxide as
described above* The difference between the CO. capecity
of the hydro-sulfite treated blood and that of untreated
blood represents the amount of inactive pigment present.

These determinations, as well as those of blood
sugar, lactic acid, and pH6 were made during rest and
during a standard work test, and all bloods were handled
identically. Because ascorbic acid has been reported to
reduce other pigments such es methemoglobin (10, 11), the
daily intake of ascorbic acid was measured by a dietician*

RESULTS

The CO capacities of both treated and untreated blood,
and by their difference, the amount of inactive pigment
present are shown in Table I, whici: AIso contains the
values found on the same bloods fox lactic acid, blood
sugar and pH a In Fig. 1 are shown the values for active,
inactive, ana°total pigment during rest and work in chrono-
logical order, which is approximately the order of in-
creasing altitude. No correlation between ascorbic acid
intake and inactive pigment was found, and these data are
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not included. Neither blood nor urinary levels of
ascorbic acid were measured.

One determination of inactive pigment, made on
Morris a month after return to sea level showed 0.4
volso percent.

A few additional studies were made of normal rest-
ing subjects at sea level. Seventeen measuremdents on
eight individuals gave an average value of 0.45 volso
percent. Three of these individuals voluntarily elimi-
nated ascorbic acid from their diets, as far ab this
was possible, for three to five days. In every case
the amount of inactive pigment increased and remained
elevated for several days after normal diet was resumed.
These fragmentary results are being studied more care-
fully and will not be further discussed at present.

DISCUSSION

The amount of inactive pigment found in the four
acclimatizing subjects during rest was greater in
nearly every case than can be explained by experimen-
tal error (0.5 vbls. %)4 It was also greater than the
average value' found in seventeen measurements on 8
normal persons at sea level, and it was greater than
the values reported by other investigators. During
exercise the inactive pigment was usuall7 less, and
never more, than during rest, as can be seen from
Figure 16

Since the total pigment found during work was
nearly identical with that found during rest (when
both were determined), the two may reasonably be
assumed to be the same in the other 'instanbes when only
one was measured. Therefore, inasmuch as the amount of
active pigment was less during rest than during work,
it is highly pkobable that the "act v pi&6nt was
always greater during rest than--U'-worft4. ,When. the
evidence is considered as a whole, it is 6lear that a
pigment was present .during rest whi .was fibt active in
the transport of oxygen, but hih was so l2bile that at
least part of it was rendered active by Seil minutes of
work at the rate of 2,50 ft*lbAniti. Wht a o'Iva-
tion occurred in vivo or in vitro we are ble to.
state with assurance, though the forer appears the more
probableo
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The data in Table I indicate that neither lactic
acidp blood augar, nor pH, were directly related to the
amount of inactive pigment present, despite the derion-
Stration by Roughton (6). Barcroft (10) and Deeny (11)
that any of these factors may effect the reduction of
other inactive pigments, notably methemoglobinu In the
four acclimatizing subjects there was no relationahip
between daily ascbrbic acid intake (which was frequently
very low) and the amount of inactive pigment (which was
usually high) in comparison to the increased amounts
(up to 1.5 volso%) found in the three subjects who
restricted their intake of ascorbic acid at sea level.

The average value of inactive pigment in normal sub-
jects at sea level agrees well with the findings of other
workers (2, 3, 5 6). When two men, shown to have 0.5
vols. percent or less of inactive pigment, were taken to
20OOO feet over a period of one to six hours, using both
normal breathing and voluntary h7perventilation there was
no significant change in the amount of inactive plgme-t
despite striking changes in arterial pH, pCO2 and p, -

These data indicate that during acclimatization
(which is attended by a considerable increase in hemo-
globin) the. amount of inactive pigment increases above
the level found in many normal subjects at see level.
No direct relationship can be traced between 4his inac-
tive type of hemoglobin and arterial pH 3 , pti 2 , and p02,
blood sugar or lactic acid. Some influence developing
during a brief period of exercises greatly decreased
this inactive pigment either in vivo or in vitro*
Although o direct relation between ascorbic acid intake
and inactive pigment could be found in the acclimatizing
subjects, there is some evidince that such a relation
exists in persons at sea level. Thia relation requires
further elucidation.
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